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We present a comparative study of the high-spin 11/2−, 10+ and 27/2− nuclear isomers, observed
commonly in the full semi-magic Z = 50 isotopic and N = 82 isotonic chains, which are found to
display nearly identical systematics in excitation energy and half-lives. A constant and particle
number independent energy gap of ∼ 4 MeV between the 0+ ground states and 10+ isomers and,
the 11/2− and 27/2− isomers exists before the mid-shell, which declines near the mid-shell, and then
becomes constant at ∼ 3 MeV after the mid-shell. Large scale shell model calculations are carried
out for the full chains of Sn-isotopes and N = 82 isotones, which reproduce the observed energy
systematics reasonably well. The role of seniority, generalized seniority and alignment in the high-
spin isomeric states as well as in the states populating the high spin isomers has been discussed. The
empirical features suggest that the generalized seniority, known to be valid in the low lying states
of even-even nuclei before the mid-shell, remains good up to the 10+ isomeric states; we further
extend this interpretation to the odd-A nuclei before the mid-shell, particularly the 27/2− isomers.
The seniority becomes good after the mid-shell. The change in energy gap around the mid-shell,
therefore, marks a transition from the generalized seniority regime to the seniority regime. From
the alignment considerations, the high-spin isomers after the mid-shell emerge as maximally aligned
decoupled states. We also note that the similar features of the isomeric half-lives in both the chains
may be understood in terms of their similar seniorities and configurations. An overview of the 0+
to 10+ yrast states in the full chain of even-even Sn-isotopes has also been presented. We also make
some predictions of possible new isomers based on the empirical systematics.
PACS numbers: 23.35.+g, 21.60.Cs, 27.60.+j, 27.70.+q
I. INTRODUCTION
Nuclear isomers, which are metastable states of nu-
clei, may be regarded as a separate class of nuclei and
their study has recently gained prominence because of
many reasons, both fundamental as well as applied [1].
The experimental data on isomers have been growing
significantly with the modern instrumentation and new
radioactive beams. Our Atlas of Nuclear Isomers lists
around 2450 nuclear isomers with a half-life cut-off at
10 ns [2]. This data set reveals a variety of systematics
and novel features across the whole nuclear landscape [3].
Nuclear isomers are generally classified into four types:
the spin isomers, the K isomers, the shape isomers and
the fission isomers [1]. Besides these, a fifth type known
as the seniority isomers also exists, which mostly occurs
in the semi-magic nuclei.
Racah had originally introduced the concept of senior-
ity in the atomic context [4]. Later on, this concept was
extended to nuclei and seniority was defined as the num-
ber of unpaired nucleons in a nucleus. It has been shown
that the seniority quantum number remains conserved
in the states arising from identical nucleons in a single-j
orbital for j ≤ 7/2 [5, 6]. But as we go to the higher-j or-
bitals, seniority may remain only partially conserved [5–
7]. A detailed discussion of the partial seniority con-
servation in the high-j orbitals and the effective interac-
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tions may be found in [7]. Even then, we find that the
high-j intruder orbitals having j ≥ 7/2 appear to play
an important role in seniority becoming a good quantum
number in the semi-magic nuclei, which in turn leads to
the occurrence of the seniority isomers due to the senior-
ity selection rules [5–9]. There are some cases when the
identical nucleons occupy several-j orbitals and lead to
configuration mixing, and still show some empirical fea-
tures of the seniority scheme. These were understood in
terms of the generalized seniority [10]. The validity of
the generalized seniority scheme has been tested for the
low lying states in the even-even lighter Sn-isotopes [11],
and in the N = 82 isotones before the mid-shell [12].
The present work focuses on the high spin isomers in
the Z = 50 isotopes and the N = 82 isotones, which
are unique as they span the same valence nucleon space
50− 82. To obtain the complete empirical systematics in
this region, we have relaxed the cut-off limit of isomeric
half-life ≥ 10 ns in the present study, and considered all
the known yrast 11/2
−
, 10+ and 27/2
−
isomers, for both
the chains. This allows us to compare the behavior of
the high-spin 11/2
−
, 10+ and 27/2
−
isomers in the Sn-
isotopes (N = 54 to 81) approaching the neutron-drip
line with the isomers in the N = 82 isotones (Z = 51 to
73) approaching the proton-drip line.
In section II, we compare the experimental energy sys-
tematics of the 11/2
−
, 10+ and 27/2
−
isomers through-
out the Z = 50 and N = 82 chains. To study their
structure, we have carried out large scale shell model
calculations for both the chains. The details of these cal-
culations and the calculated systematics along with their
2effective single particle energies (ESPE) are presented in
section III. The empirical behavior along with the shell
model calculations allows us to infer the seniority and
generalized seniority of the isomers, many of them in
agreement with earlier studies. Section IV focuses on
their configurations and the wave functions to fix the se-
niority of these isomers in both the chains. We discuss the
seniority, generalized seniority and alignment properties
of the isomers as well as the states involved in the pop-
ulation of the isomers. We, further, present a complete
empirical picture of the even-even Sn-isotopes in view of
our observations so far. We also provide a qualitative
understanding of the half-life systematics in terms of the
seniority scheme in section V. Such comparative stud-
ies allow us to bring out the similarities and differences
that may arise when protons are replaced by neutrons
in the same set of orbitals for the Z = 50 isotopic and
N = 82 isotonic chains. We also predict the existence of
some isomers and their properties based on our system-
atic studies in section VI. Section VII summarizes the
present work.
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FIG. 1: (Color online) Comparison of the calculated and the
experimental excitation energy systematics of isomeric states
in Sn-isotopes. Black circles represent the ground states for
11/2−.
II. EXPERIMENTAL SYSTEMATICS OF THE
HIGH-SPIN SEMI-MAGIC ISOMERS
The level schemes of the 119−130Sn-isotopes have been
studied by using the reactions induced by light ions, deep
inelastic reactions, or fission fragment studies by several
researchers [13–22]. Many isomer systematics have been
identified for N > 64 Sn-isotopes, and the isomeric states
10+ and 27/2
−
have been characterized as seniority v=2
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FIG. 2: (Color online) Comparison of the calculated and the
experimental excitation energy systematics of isomeric states
for N = 82 isotones. Black circles represent the ground states
for 11/2−.
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FIG. 3: A comparison of full valence space results with the
truncated ones in the case of 124Sn. The truncated calcula-
tions have been done by freezing the g7/2 orbital.
and v=3 states in these studies. Pietri et al. [23] re-
cently identified and confirmed the high-spin and high-
seniority v=4, 15− isomeric state in 128Sn. More re-
cently Astier et al. [24, 25] reported detailed high-spin
level schemes in the 119−126Sn-isotopes by using the bi-
nary fission fragmentation induced by heavy ions. Iskra
et al. [26] have also focused on high-seniority states in
neutron-rich, even-even Sn-isotopes. It may be noted
that there exists some deformed collective states giving
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FIG. 4: (Color online) Effective single particle energies for
the Z = 50 isotopes and the N = 82 isotones.
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FIG. 5: (Color online) Variation of occupancy corresponding
to the maximum partition for the Z=50 isotopes.
rise to a full or a part of rotational band in the even-even
light mass Sn-isotopes with A = 110 − 118, interpreted
as 2p-2h proton configuration [27–33]. But the 10+ yrast
isomeric states discussed in the present paper are not
part of any rotational structure [34]. More recently, the
studies on Sn-isotopes have been pushed much beyond
the N = 82 shell closure and isomers in the N = 86− 88
Sn-isotopes have been populated by Simpson et al. [35]
which shed a new light on the effective interaction in n-
rich nuclei [36].
The 10+ and 27/2
−
isomers have also been identified,
in the N = 82 isotonic chain from Z = 66, Dy to Z =
72, Hf, as seniority v=2 and v=3 isomers coming from
the h11/2 proton orbital [37]. Recently, the high-spin
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FIG. 6: (Color online) Same as Fig. 5 but for the N=82
isotones.
structure of five N = 82 isotones with Z = 54 − 58 has
also been reported by Astier et al. [38]. The 10+ isomers
have been described as broken pairs of protons from the
g7/2 and d5/2 orbitals in the even-mass isotones, before
the mid-shell [38].
We plot the complete systematics of the measured ex-
citation energies of the 11/2
−
, 10+ and 27/2
−
isomers for
the Z = 50 isotopic and the N = 82 isotonic chains in
the top panels of Fig. 1 and Fig. 2 respectively. It may be
noted that the same valence orbitals are involved in both
the chains. While the neutrons occupy these orbitals in
the Z = 50 isomers, the protons take over the role in
the N = 82 isomers. We find that all the main features
observed in the Z = 50 isotopic chain are also present in
the N = 82 isotonic chain and both appear to be nearly
identical to each other.
The available experimental data from the nucleon
number 51 to 58 for both the chains of isomers are lim-
ited. Yet we can see that the 11/2
−
isomeric state ex-
hibits a gradual decline in energy from ∼ 1.5 MeV to ∼ 0
MeV as the valence nucleon number crosses the mid-shell
at 59. With further increase in the valence nucleon num-
ber, the 11/2
−
isomeric state briefly becomes the ground
state for N = 73 − 77 and Z = 67 − 71, and again be-
comes an isomeric state at N > 77 and Z > 71, for the
Z = 50 isotopic and N = 82 isotonic chains, respectively.
The relative energy gap of ∼ 4 MeV before the mid-
shell, between the 11/2
−
and 27/2
−
isomers, also reduces
to ∼ 3 MeV after the mid-shell at N or, Z = 66. In a sim-
ilar way, the 10+ isomeric state lies at ∼ 4 MeV from the
0+ ground state before the mid-shell, and comes down
to ∼ 3 MeV after the mid-shell. Thus, the energy gap
is constant and particle number independent before and
after the mid-shell, which is a well known signature of
nearly good seniority [5–7]. The 10+ and the 27/2
−
isomers, belonging to the even-even and even-odd nuclei
4respectively, are seen to follow each other very closely
throughout the chains, if one puts the 0+ and 11/2−
states on equal footing. This suggests that the configu-
rations for the 10+ and the 27/2− isomers should be very
similar in nature, before and after the mid-shell.
52 56 60 64 68 72 76 80
0
2
4
6
8
10
12
52 56 60 64 68 72 76 80
0
2
4
6
8
10
12
52 56 60 64 68 72 76 80
0
2
4
6
8
10
12
52 56 60 64 68 72 76 80
0
2
4
6
8
10
12
Z=50
A
ve
ra
ge
 p
ar
tic
le
 n
um
be
r
11/2-
 g7/2
 d5/2
 d3/2
 s1/2
 h11/2
27/2-
0
+
Neutron Number
10+
FIG. 7: (Color online) The average particle number varia-
tion for different orbitals with neutron number for the 11/2−,
27/2− and 0+, 10+ states in the odd-A and even-even Z=50
isotopes respectively.
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FIG. 8: (Color online) The average particle number variation
for different orbitals with proton number for the 11/2−, 27/2−
and 0+, 10+ states in the odd-A and even-evenN=82 isotones
respectively.
III. SHELL MODEL CALCULATIONS
We have carried out large scale shell model calculations
to understand the various features of both the isomeric
chains. The calculations involving many identical nucle-
ons in a single-j configuration are easier to deal with in
the nuclear shell model [5–7], which is the case of iso-
mers after the mid-shell. However, the calculations be-
fore the mid-shell involve identical nucleons in many-j
orbitals. This results in the configuration mixing of dif-
ferent orbitals depending on their relative positions and
the interaction matrix elements.
A. Details of the calculations
Neutrons in the Z = 50 isotopes and protons in the
N = 82 isotones occupy the same valence space consist-
ing of 0g7/2, 1d5/2, 1d3/2, 2s1/2 and 0h11/2 orbitals lying
between the magic proton/neutron numbers 50 and 82.
The shell model calculations have been performed by us-
ing the Nushell code [39] along with the SN100PN [40] in-
teraction. The calculations for the Sn-isomers have been
done from N = 51 to 81, while for the N = 82 isomers,
the calculations have been done only up to the Z = 76,
near the proton-drip line. The proton and neutron sin-
gle particle energies have been taken as 0.8072, 1.5623,
3.3160, 3.2238, 3.6051 MeV and -10.6089, -10.2893, -
8.7167, -8.6944, -8.8152 MeV for the available 0g7/2,
1d5/2, 1d3/2, 2s1/2 and 0h11/2 valence orbitals, respec-
tively. The scaling factor varies with mass as A−1/3, a
well-established empirical law [41].
We have done the calculations with full valence space
up to the valence particle / hole number 8, i.e. from the
valence nucleon number 51 to 58, and from 74 to 81 for
both the Z = 50 and the N = 82 chains. No core ex-
citations were taken into account. We further introduce
some constraints for the valence nucleon numbers 59 to
65, to keep the dimensions in the limit by fixing the num-
ber of particles in the g7/2 and d5/2 orbitals, so that the
calculations remain tractable and could be done in a rea-
sonable time. Although we already have 8 particles which
could fill up the g7/2 orbital completely, there are strong
chances of mixing of the g7/2 and d5/2 orbitals. We have,
therefore, allowed the g7/2 orbital to be filled with 4− 8
particles and the d5/2 orbital with 0 − 2 particles. We
have further truncated the valence space by filling the
g7/2 orbital completely after the mid-shell for the nucleon
numbers 66 to 73. It reduces the dimensions of the calcu-
lations significantly without affecting the desired results.
As an example, we present in Fig. 3, a comparison of the
results obtained from the full space calculations, and the
truncated ones by freezing the g7/2 orbital, in the case
of 124Sn. We find that the energy of the 10+ isomeric
state gets reduced in the truncated results, without af-
fecting the pattern of the levels. Therefore, the aim of
the present paper can still be accomplished, even with
5TABLE I: Seniority assignments of the isomeric states 11/2−, 10+ and 27/2− in the Sn-isotopic chain, where the unpaired
nucleons in the respective orbitals are listed as configuration.
10+ 11/2− 27/2−
Isotope Configuration Seniority Isotope Configuration Seniority Configuration Seniority
102Sn h211/2 2
103Sn h111/2 1 h
3
11/2 3
104Sn (g7/2d5/2)
4 4 105Sn h111/2 1 (g7/2d5/2)
4 h111/2 5
106Sn (g7/2d5/2)
4 4 107Sn h111/2 1 (g7/2d5/2)
4 h111/2 5
108Sn h211/2 2
109Sn h111/2 1 (g7/2d5/2)
4 h111/2 5
110Sn h211/2 2
111Sn h111/2 1 (g7/2d5/2)
4 h111/2 5
112Sn h211/2 2
113Sn h111/2 1 h
3
11/2 3
114Sn h211/2 2
115Sn h111/2 1 h
3
11/2 3
TABLE II: Seniority assignments of the isomeric states 11/2−, 10+ and 27/2− in the N = 82 isotonic chain, where the unpaired
nucleons in the respective orbitals are listed as configuration.
10+ 11/2− 27/2−
Isotone Configuration Seniority Isotone Configuration Seniority Configuration Seniority
134Te h211/2 2
135I h111/2 1 h
3
11/2 3
136Xe (g7/2d5/2)
4 4 137Cs h111/2 1 (g7/2d5/2)
4 h111/2 5
138Ba (g7/2d5/2)
4 4 139La h111/2 1 (g7/2d5/2)
4 h111/2 5
140Ce (g7/2d5/2)
4 4 141Pr h111/2 1 (g7/2d5/2)
4 h111/2 5
142Nd (g7/2d5/2)
4 4 143Pm h111/2 1 (g7/2d5/2)
4 h111/2 5
144Sm (g7/2d5/2)
4 4 145Eu h111/2 1 (g7/2d5/2)
4 h111/2 5
146Gd h211/2 2
147Tb h111/2 1 h
3
11/2 3
the truncated results in the mid-shell region, where the
dimensions are quite large. We, therefore, expect that
the calculated energies in the full space would be slightly
higher, bringing them closer to the experimental values.
We have also calculated the effective single particle
energies (ESPE) for both the chains by using the rela-
tion [42],
Eespe = Ejn +
∑
jn
E¯(jn, jn)nˆjn (1)
where Ejn and nˆjn denote the single-particle energies
and number operator for neutrons occupying the orbital
jn. The term is the monopole corrected interaction en-
ergy given by
E¯(jn, jn) =
∑
J (2J + 1) < jnjn; J |V |jnjn; J >∑
J(2J + 1)
(2)
where < jnjn; J |V |jnjn; J > stands for a two-body
matrix element of the effective interaction. We have
plotted the ESPE’s in the top and the bottom panels
of Fig. 4 for all the valence orbitals in the Z = 50 and
N = 82 chains, respectively. We find that the h11/2 or-
bital in both the chains has different relative positions
(Fig. 4). Due to this, the nucleus 146Gd behaves like a
doubly magic nucleus in the N = 82 chain, whereas 114Sn
does not in the Z = 50 chain, which confirms the previ-
ous claims [43, 44]. After the mid shell, the role of the
g7/2 and d5/2 is rather neutralized, and the h11/2 orbital
begins to dominate.
B. Calculated systematics
We present the calculated excitation energies for the
Z = 50 and N = 82 isomeric chains in the bottom panels
of Fig. 1 and 2, respectively. We find that all the three
11/2−, 10+ and 27/2− isomeric states are reproduced
reasonably well and follow the same systematic trends as
the experimental data and a transition in the excitation
energy is noticed near the mid-shell, which is more sharp
in the N = 82 chain at Z = 64, due to the presence of
the well known shell closure at 146Gd. The calculated
energy gap between the 11/2− and 27/2− states, and
the 0+ and 10+ states reproduces the experimental gap
of ∼ 4 MeV from the nucleon number 51 to 58 and of
∼ 3 MeV from the nucleon number 74 to 81, where the
full space calculations for the odd-A and even-A systems
in both the Z = 50 and N = 82 chains could be carried
out. The observed systematics are, therefore, reproduced
quite well.
On the other hand, the energy gap is systematically
smaller than the experimental values for the nucleon
numbers 59 − 77, a consequence of the truncations im-
6TABLE III: Comparison of the experimentally measured ∆E2
+
0+
and ∆E
15/2−
11/2−
γ−transitions in even-even and odd-A Sn-isotopes
for N ≥ 64. Also, compared are the ∆E12
+
10+
and ∆E
31/2−
27/2−
γ−transitions involving states which decay to the 10+, 27/2− isomers.
R(15 : 2) is defined as ∆E
15/2−
11/2−
/∆E2
+
0+
and R(31 : 12) is defined as ∆E
31/2−
27/2−
/∆E12
+
10+
. All the energies are in MeV.
Isotope ∆E2
+
0+
∆E12
+
10+
Isotope ∆E
15/2−
11/2−
∆E
31/2−
27/2−
R(15 : 2) R(31 : 12)
112Sn 1.257 113Sn 1.168 0.9295
114Sn 1.300 115Sn 1.312 1.0089
116Sn 1.294 117Sn 1.279 0.9887
118Sn 1.230 1.237 119Sn 1.220 1.179 0.9921 0.953
120Sn 1.171 1.190 121Sn 1.151 1.083 0.9827 0.910
122Sn 1.141 1.103 123Sn 1.107 1.043 0.9706 0.946
124Sn 1.132 1.047 125Sn 1.088 0.924 0.9614 0.883
posed by us. It declines from ∼ 4 MeV to ∼ 2 MeV
in going from 59 to 65, and then becomes constant at
∼ 2 MeV, up to the nucleon number 73. As shown in
Fig. 3, the truncation results in a smaller gap. However,
it does not affect the aim of the present calculations as
the 10+ and 27/2
−
states closely follow each other in a
very smooth manner even in the truncated region. It also
suggests that similar structural change is responsible for
the 10+ and 27/2− states, relative to the 0+ and 11/2−
states respectively.
The 10+ and 27/2
−
isomers have nearly particle num-
ber independent energy before the mid-shell, even with
the mixing of the g7/2 and d5/2 orbitals; we explain this
in terms of the validity of the generalized seniority [10].
It was shown by Shlomo and Talmi [45] that the energy
gap, between the state with generalized seniority v (even)
and the ground state with generalized seniority v=0 in a
2n+ v nucleon system, denoted as E((2n+ v) → 2n) is
given by [5, 45]
E((2n+ v)→ 2n) = (E (v , J ) + En +
1
2
nvW )
−En+ 1
2
v
= E(v , J )− E 1
2
v
(3)
which is independent of n, the number of pairs. This
is also equal to the energy gap between the energies of
the two states in the v nucleon system when n = 0, as
shown in the last equality. En and E(v , J ) are the energy
eigen-values for the 2n and v nucleons with the general-
ized seniority 0 and v , respectively. W is a constant.
Therefore, the 10+ states in the even-even nuclei before
the mid-shell, have good generalized seniority. In the
present work, we find that the energy gap between the
27/2
−
states and the 11/2
−
states in the odd-A isomers,
also remains nearly constant and particle number inde-
pendent, and equals to the gap between the 10+ states
and the 0+ states in the even-A nuclei, before the mid-
shell. This again suggests that the 10+ and 27/2
−
states
have similar structure except for the one extra nucleon in
the h11/2 orbital. Therefore, one may be assured about
the validity of the generalized seniority, also in the odd-
A nuclei, particularly for the 27/2− states as the same
j-orbital is involved in generating the 27/2− and 11/2−
states, relative to the 10+ and 0+ states.
Further, the situation becomes simpler after the mid-
shell due to the dominant role of the unique parity h11/2
orbital, which leads to a constant and particle number
independent energy for 10+ and 27/2
−
isomers, a signa-
ture of the seniority conservation [5–7]. Thus, the empir-
ical evidence supports good seniority for j-value as high
as j=11/2. The seniority, therefore, remains approxi-
mately good for these isomers throughout the chain, with
a structural transition near the mid-shell from general-
ized seniority regime to seniority regime.
IV. RESULTS AND DISCUSSION
A. The wave functions and the configuration
assignments
The maximum partition of each wave-function ob-
tained from the shell model calculations have been pre-
sented in the form of bar charts for the Sn-isotopes and
the N = 82 isotones in Fig. 5 and 6, respectively. The
bottom panels of Fig. 5 and 6, represent the occupancies
related to the maximum partition of the wave functions
for the 0+ and 11/2
−
states in the Z = 50 isotopic and
the N = 82 isotonic chains, respectively. On the other
hand, the top panels of both the figures show the same
for the 10+ and 27/2− states. One can easily read the
same by following the color coding. For example, the
red color corresponds to the d3/2 orbital. Its absence in
a bar implies no particle in the d3/2 orbital. Thus the
final configuration related to the maximum partition of
the wave function for the 10+ state of 122Sn-can be read
from Fig. 5 as g8
7/2 d
6
5/2 d
2
3/2 s
0
1/2 h
6
11/2.
We note that the nature of the wave function corre-
sponding to the maximum partition of the 0+ ground
state of an even-even Sn-isotope/ N = 82 isotone is very
similar to the 11/2
−
state in the neighboring odd-A Sn-
isotope/ N = 82 isotone, except for the presence of one
7TABLE IV: Same as Table III but for the N = 82 isotones with Z ≥ 64. All the energies are in MeV.
Isotope ∆E2
+
0+
∆E12
+
10+
Isotope ∆E
15/2−
11/2−
∆E
31/2−
27/2−
R(15 : 2) R(31 : 12)
146Gd 1.972 147Tb 1.937 0.982
148Dy 1.677 1.932 149Ho 1.560 0.930
150Er 1.578 1.446 151Tm 1.478 1.332 0.937 0.921
152Yb 1.531 153Lu 1.432 0.935
TABLE V: Same as Table III, but calculated values only. Comparison of the experimentally measured ∆E2
+
0+
and ∆E
15/2−
11/2−
γ−transitions in even-even and odd-A Sn-isotopes for N ≥ 64. Also, compared are the ∆E12
+
10+
and ∆E
31/2−
27/2−
γ−transitions
involving states which decay to the 10+, 27/2− isomers. All the energies are in MeV.
Isotope ∆E2
+
0+
∆E12
+
10+
Isotope ∆E
15/2−
11/2−
∆E
31/2−
27/2−
R(15 : 2) R(31 : 12)
114Sn 1.508 0.853 115Sn 1.463 0.782 0.970 0.916
116Sn 1.067 1.688 117Sn 1.031 1.698 0.966 1.006
118Sn 0.989 1.006 119Sn 0.943 1.010 0.953 1.004
120Sn 0.939 0.906 121Sn 0.872 0.871 0.928 0.961
122Sn 0.887 0.821 123Sn 0.826 0.839 0.931 1.022
124Sn 1.093 0.937 125Sn 0.994 0.905 0.910 0.966
126Sn 1.123 0.919 127Sn 1.014 0.871 0.903 0.948
128Sn 1.197 0.977 129Sn 1.152 0.962
extra neutron/ proton in the h11/2 orbital. Same is true
for the 10+ state in an even-even Sn-isotope/ N = 82
isotone and the 27/2− state in the neighboring odd-A Sn-
isotope/ N = 82 isotone. It is also noteworthy that these
wave functions change very systematically by maintain-
ing an order across the full chain of Sn-isotopes/ N = 82
isotones. These similarities in the nature of the wave
functions may be taken as the origin of the similar sys-
tematic features in both the chains of isomers.
B. The average particle numbers and the seniority
assignments
Further insight into the configuration and structure of
the various isomeric states can be obtained by plotting
the average particle numbers in each of the valence or-
bitals for the Sn-isotopes, see Fig. 7. The four sections
of the graph show the variation of the average particle
number with increasing neutron number for the 0+, 10+
states, and for the 11/2−, 27/2− states, respectively. The
average particle number for the d3/2 and s1/2 orbitals is
almost zero up to N = 66, i.e. the mid-shell; it rises,
thereafter, and changes in a very smooth and regular
way, making a negligible contribution to the desired spin
states. There is a competition between the remaining
three g7/2, d5/2 and h11/2 orbitals, which play an im-
portant role in deciding the final configuration of the de-
sired spin state. The average particle number of the h11/2
orbital also increases linearly after the mid-shell, which
indicates that the h11/2 orbital dominates over other or-
bitals. Similar discussion holds for the N = 82 isotonic
chain also, see Fig. 8.
The average particle number variation of the orbitals
involved in generating the 0+ and 11/2− state corre-
sponding to an even-even and the odd-A Sn-isotope/
N = 82 isotone respectively, exhibits almost similar be-
havior. It also suggests that the odd neutron, in the
odd-A Sn-isotopes/ N = 82 isotones, is totally aligned.
We may, therefore, infer the seniority v=1 for the yrast
11/2− isomeric state, coming from the last odd-particle
in the h11/2, and the seniority v=0 for the 0
+ state, i.e.
pair-correlated state, throughout the Z = 50 and N = 82
chains.
Similarly, the variation of the average particle number,
for the 10+ and 27/2
−
isomeric states, is also observed
to be similar in nature for both the chains. From the
plots and the structure of the wave functions, we con-
clude that the 27/2
−
isomeric state up to N = 61 and
Z = 63 (except at N or Z = 53) originates from one neu-
tron/ proton in the h11/2 orbital, and two broken pairs in
the (g7/2, d5/2) orbitals, i.e. the generalized seniority be-
comes v=5, in both the Z = 50 isotopes and N = 82 iso-
tones, respectively. We may extend the same argument
for the 10+ isomeric states. It is seen to have the h0
11/2
configuration, the total spin coming from the breaking
of two neutron pairs in the (g7/2, d5/2) orbitals, i.e. the
generalized seniority becomes v=4 for the N = 54 − 56
isotopes in the Z = 50 chain, and up to Z = 62 in the
N = 82 chain. This happens due to the different scheme
of the effective single particle energies for the protons as
compared to the neutrons (see Fig. 4).
8TABLE VI: Same as Table V, but in the N=82 isotones for Z ≥ 64. All the energies are in MeV.
Isotone ∆E2
+
0+
∆E12
+
10+
Isotone ∆E
15/2−
11/2−
∆E
31/2−
27/2−
R(15 : 2) R(31 : 12)
146Gd 2.212 0.994 147Tb 2.152 0.920 0.972 0.925
148Dy 1.273 1.626 149Ho 1.182 1.501 1.086 0.923
150Er 1.162 1.091 151Tm 1.067 1.000 0.918 0.917
152Yb 1.102 0.981 153Lu 1.006 0.902 0.913 0.919
154Hf 1.068 0.923 155Ta 0.974 0.845 0.912 0.915
156W 1.279 1.035 157Re 1.135 0.847 0.887 0.818
158Os 1.279 1.002
The particles keep on adding to the h11/2 orbital, as
the g7/2 and d5/2 orbitals are almost full for N > 64. The
seniority of the 10+ and 27/2− isomeric states, therefore,
remains constant at v=2 and 3 for both the chains, after
the mid-shell. Our studies fully support the recent senior-
ity assignments by Astier et al. [24, 25] for the 10+ and
27/2
−
isomers in the Sn-isotopes from N = 69 onwards.
We also confirm the previous seniority assignments made
by Astier et al. [38] for the Z = 54 − 58, N = 82 iso-
tones, and the seniority assignments discussed by McNeil
et al. [37] for the range Z = 66 − 72, N = 82 isotones.
We may conclude that the change in seniority is constant
at ∆v=4 in going from 11/2
−
to 27/2
−
and from 0+ to
10+, before the mid-shell, which declines to ∆v=2, after
the mid-shell. The generalized seniority assignments for
both the Z = 50 and N = 82 chains along with the un-
paired nucleon configurations have been summarized in
the Tables I and II respectively, up to the nucleon num-
ber 64; the seniority assignments remains constant after
64 and are not listed in the tables.
C. Aligned nature of the h11/2 protons/neutrons
Further evidence for the seniority assignment of vari-
ous isomers and the states involved in the decay to the
isomers by γ-transitions, is obtained from the alignment
considerations. For this purpose, we compare the γ-
transition energies and their ratios in the even-even core
and the neighboring odd-A isotopic/ isotonic chain of
isomers, respectively.
1. Experimental evidence
We have listed the experimental E2 gamma energies
associated with the transitions ∆E2
+
0+
and ∆E
15/2−
11/2−
for
the even-even and odd-A Sn-isotopes in Table III [2, 24,
46, 47]. The ratio of these transitions denoted as R(15 :
2) = ∆E
15/2−
11/2−
/ ∆E2
+
0+
is observed to be ∼ 1 for the
114−125Sn-isotopes. This suggests a complete alignment
of the odd-neutron in the h11/2 orbital, producing the
11/2
−
spin state. This supports our earlier observation
that the 11/2− state in odd-A Sn-isotopes and the 0+
state in the neighboring even-even Sn-isotopes have great
similarity in their wave functions.
Similarly, the observed gamma transitions ∆E12
+
10+
and
∆E
31/2−
27/2−
in even-even and odd-A Sn-isotopes have also
been listed in Table III for 118−125Sn-isotopes [24, 46].
Fotiades et al. [34] have compared the almost identi-
cal energies and similar structure involved in the ∆E2
+
0+
and ∆E12
+
10+
γ-transitions within the same isotope for
116−126Sn, and suggested that the 10+ isomeric state
comes from the two aligned neutrons in the h11/2 orbital.
We have calculated the ratio of the transitions in odd-A
Sn-isotope and its even-even core Sn-isotope, denoted as
R(31 : 12) = ∆E
31/2−
27/2−
/ ∆E12
+
10+
, which is also observed
to be ∼ 1. The known gamma transition energies for the
N = 82 isotones, have also been listed in Table IV [46].
The ratios R(15 : 2) and R(31 : 12) again have the value
∼ 1, wherever these could be obtained.
It is obvious from the observed values that the seniority
v=1 for the 11/2− states. We may also conclude that the
10+ and 27/2
−
isomeric states, in both the chains, are
maximally aligned decoupled states involving two and
three-neutrons in the h11/2 orbital, respectively. That is
why the 10+ and 27/2
−
states closely follow each other
in energy without exhibiting any odd-even effect. We,
therefore, confirm the seniority after the mid-shell as v=0
for the 0+ states, v=1 for the 11/2
−
states, v=2 for the
2+ states and v=3 for the 15/2
−
states. Similarly, we
assign the seniority v=2 for the 10+ states, v=3 for the
27/2
−
states, v=4 for the 12+ states, and v=5 for the
31/2
−
states, after the mid-shell. The same seniority
difference ∆v=2 between the 15/2− and 11/2− states,
and for the 2+ and 0+ states gives their corresponding
ratio R(15 : 2) as ∼ 1. The difference ∆v=2 also holds
for the 31/2
−
and 27/2
−
states, and for the 12+ and 10+
states, which makes the ratio R(31 : 12) ∼ 1.
2. Comparison with the calculated results
We have tabulated in Table V, the E2 gammas asso-
ciated with the transitions ∆E2
+
0+
, ∆E
15/2−
11/2−
and ∆E12
+
10+
,
9TABLE VII: Predictions of the 11/2−, 10+ and 27/2− states which are likely to be isomers, for both the Z = 50 and N = 82
chains. All the energies are in MeV.
10+ 11/2− 27/2−
Isotope Energy Half-life Isotope Energy Half-life Isotope Energy Half-life
108Sn ∼ 4− 4.5 ∼ 10− 200ps 137Cs ∼ 2− 2.5 ∼ 10− 100ps 115Sn ∼ 4.5 − 5 ∼ 0.1− 10ns
110Sn ∼ 4− 4.5 ∼ 10− 200ps 139La ∼ 1.5 − 2 ∼ 10− 100ps 117Sn ∼ 3.5 − 4 ∼ 1− 10ns
112Sn ∼ 4− 4.5 ∼ 10− 200ps 147Tb ∼ 4 ∼ 1− 20ns
136Xe ∼ 3.5− 4 ∼ 100 − 500ps
144Sm ∼ 4− 4.5 ∼ 100 − 500ps
TABLE VIII: A list of the known 11/2−, 10+ and 27/2− states from the available experimental data [47] which are likely
candidates for the isomeric states on the basis of our systematic studies. All the energies are in MeV.
Z=50 N=82
Isotope Spin-parity Energy Isotone Spin-parity Energy
108Sn 10+ 4.256 136Xe 10+ 3.485
110Sn (10) 4.317 139La 11/2− 1.420
112Sn 10+ 4.680 147Tb (27/2−) 3.889
115Sn 27/2− 4.866
117Sn (27/2−) 3.824
∆E
31/2−
27/2−
in the even-even and odd-A Sn-isotopes respec-
tively, as obtained from the shell model calculations. We
note that the calculated ratios R(15 : 2) and R(31 : 12)
also remain ∼ 1. The calculations also suggest that the
one, two, and three h11/2 neutrons align to produce the
11/2
−
, 10+ and 27/2
−
isomeric states respectively, after
the mid-shell. Due to this, the 10+ and 27/2
−
states
closely follow each other after the mid-shell.
We also summarize the calculated gammas ∆E2
+
0+
,
∆E
15/2−
11/2−
and ∆E12
+
10+
, ∆E
31/2−
27/2−
in the even-even and odd-
A N = 82 isotonic chain in Table VI. The ratios R(15 : 2)
and R(31 : 27) again become ∼ 1. The alignment of
h11/2 protons takes place after the mid-shell, similar to
the h11/2 neutrons in the Sn-isotopic chain. We may,
therefore, draw the same conclusions for the N = 82 iso-
tonic chain as for the Z = 50 isotopic chain. Similar
configurations and seniorities lead to similar alignment
of the h11/2 neutrons/protons for the 11/2
−
, 10+ and
27/2− isomeric states in the both the Z = 50 and N = 82
chains. From these discussions, we may conclude that the
isomeric states after the mid-shell are maximally aligned
decoupled states.
D. Complete systematics of the even-even
Sn-isotopes
We present a complete overview of the experimental
excitation energies for the yrast 0+, 2+, 4+, 6+, 8+ and
10+ states in the even-even Sn-isotopes from the neutron
number 52 to 82, in Fig. 10. We can see that the energy
of the 0+, 2+, 4+ and 6+ states is particle number inde-
pendent throughout the chain due to same seniority v=2,
except near the mid-shell, i.e. N = 64 − 66, where the
excitation energy shows a kink. This is due to a change
in the orbitals involved in generating the states. The g7/2
and d5/2 orbitals hand over their role to the h11/2 orbital
near the mid-shell. The maximum spin-parity, which can
be generated through the g7/2 and d5/2 orbitals, is 6
+
from the seniority v=2 configuration. Therefore, the 8+
and 10+ spin-states require one more pair break-up be-
fore the N = 64 nucleon number. The 8+ and 10+ states
thus lie higher in energy before the mid-shell. They ex-
hibit a transition to lower energy nearN = 64−66, which
then becomes almost constant from N = 68 to 80, since
the h11/2 orbital, with two unpaired nucleons, can gener-
ate the maximum 10+ spin-state without additional pair
break up. The systematics, presented in Fig. 10, indicate
that all the states from 0+ to 10+ undergo a transition
from generalized seniority regime to seniority regime near
the mid-shell.
V. ROLE OF SENIORITY ON THE HALF-LIFE
SYSTEMATICS
We have plotted the measured half-lives (in µs) of these
isomers with increasing nucleon numbers in Fig. 9. Due
to the wide range of half-lives, we have plotted the log
values of the half-lives and, also introduced a break in
the vertical scale in Fig. 9. The half-life systematics for
the Z = 50 isomers are plotted in the top panel, while
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FIG. 9: (Color online) Comparison of the experimental half-
lives for Z = 50 and N = 82 isomers.
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FIG. 10: (Color online) Experimental energy systematics of
the 0+ to 10+ yrast states in the even-even Sn-isotopes. The
states are labeled by the seniority and the active orbitals.
those for the N = 82 isomers are plotted in the bottom
panel. The half-lives of the 11/2
−
isomers show a similar
trend with increasing nucleon number in both the chains,
although valence protons are involved in one case, while
valence neutrons are involved in the other. This may
be attributed to similar structure of these states. As we
increase the nucleon numbers, the gamma decay energy
keeps falling and the multipolarity rises to M4. As a
result, the half-lives increase. The decay mode changes
at the peaks in the half-lives, and beta decay/EC comes
into play; we, therefore, do not discuss these cases in the
present work.
The half-lives of the 10+ and 27/2
−
isomers exhibit
a rise near the half-filled h11/2 configuration, attain a
maximum value, and fall with increasing nucleon num-
ber. The 10+ and 27/2− isomeric states, for the Z = 50
isomers, exhibit a maximum at the neutron numbers 72
and 73 respectively, where the h11/2 neutron orbital be-
comes half-filled [18, 21, 22]. On the other hand, for the
N = 82 isomers, the peaks are observed at Z = 70 and 71
for the 10+ and 27/2
−
isomeric states respectively, where
the h11/2 proton orbital becomes half-filled [37]. This
happens because the electric quadrupole (E2) transition
between a state Ji and another state Jf , both having
same seniority v , in the jn configuration is given by [6–8]
B(E2) =
1
2Ji + 1
|
2j + 1− 2n
2j + 1− 2v
< jvvJf ||
∑
i
r2i Y2(θiφi)||j
vvJi > |
2 (4)
When n approaches (2j +1)/2, i.e. the half-filled con-
figuration, the B(E2) vanishes. We, therefore, conclude
that the isomeric half-lives at the half-filled h11/2 orbital
in the Z = 50 and N = 82 chains are most affected by
the seniority selection rules. As we move away from the
region of half-filled orbital, the role of seniority in slowing
down the transitions diminishes. We also find that the
half-life of the 10+ isomers in the even-even nuclei are ∼
100 times larger than the half-life of the known 27/2−
isomers in the odd-A nuclei before the mid-shell. This
may be a direct consequence of a larger seniority mixing
in the 27/2
−
states of the odd-A nuclei as compared to
the 10+ states in even-even nuclei [5, 6]. The situation
becomes rather complex due to the multi-j shell configu-
rations for these isomers in both the Z = 50 isotopic and
N = 82 isotonic chains.
VI. PREDICTIONS OF POSSIBLE NEW
ISOMERS
Similar configurations, occupancies and wave functions
lead to similar trends in the excitation energy for both
the Z = 50 and N = 82 chains. Therefore, a knowledge
of basic key features of one region enables us to make
predictions for the unknown isomers/isomeric properties
in the other region. It is well known that the popula-
tion of nuclei at the drip lines is rather difficult. The
systematic features may, therefore, become a great tool
to predict the isomers in the near the drip lines. We
can see that the 11/2−, 10+ and 27/2− isomeric states
are observed with many gaps for the Z = 50 isotopic/
N = 82 isotonic chains within the same valence space
50 − 82. The above results and discussion strongly sug-
gest the existence of new isomers in the gaps, with almost
similar excitation energies. We have summarized our pre-
dictions for the new isomers in Tables VII. We have not
listed those cases where the predicted half-lives may be
lower than 10 ps. These predictions may open the way
for possible experiments to explore the new isomers. We
have also listed the available experimental data [47] of
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the yrast 11/2
−
, 10+ and 27/2
−
states with their exci-
tation energies in the Table VIII, which are yet to be
characterized as isomeric states. They closely follow the
systematics presented in this paper. All of these states
already appear in the predictions in Tables VII, and are
good candidates for isomers which needs to be confirmed
by life-time measurements.
VII. SUMMARY AND CONCLUSIONS
To summarize, we have presented a comprehensive
overview of the excitation energy systematics of the
11/2
−
, 10+ and 27/2
−
isomeric states, throughout the
Z = 50 isotopic and N = 82 isotonic chains, which are
observed to display nearly identical behavior. A con-
stant and particle number independent energy gap of ∼
4 MeV between the 0+ and 10+ states and, the 11/2− and
27/2
−
states, exists before the mid-shell, which becomes
∼ 3 MeV after the mid-shell. Large scale shell model cal-
culations are able to reproduce the experimental trends
reasonably well, except for the energy gap which is con-
sistently smaller by more than 0.5 MeV in the region of
truncations. The relative position of the h11/2 orbital
effective single particle energies in both the chains has
been shown to be related to the magicity of Z = 64 in
the N = 82 isotonic chain.
We have obtained the configurations, wave functions
and average particle numbers to understand their origin
in terms of seniority. We find that configuration mix-
ing exists before the mid-shell, due to the presence of
many-j orbitals, but the isomers still show the empirical
features of the seniority scheme. These have been un-
derstood in terms of generalized seniority. The 10+ and
27/2
−
isomeric states appear to have good generalized
seniority before the mid-shell, whereas seniority remains
conserved after the mid-shell due to the dominant role
of the h11/2 orbital. The transition from the generalized
seniority regime to the seniority regime is responsible for
the change in the energy gap near the mid-shell in both
the chains.
We also find that the overall structure of the 11/2
−
and
27/2
−
states in the odd-A nuclei is very similar to the
0+ and 10+ states of the neighboring even-even nuclei,
in both the chains. Generalized seniority in even-even
nuclei has earlier been shown to be valid for low lying
states; we find that it remains valid up to 10+ states.
We have been able to extend the validity of genarlized
seniority to odd-A nuclei before the mid-shell.
By using these arguments and also the alignment prop-
erties of the h11/2 nucleons after the mid-shell, we have
been able to assign the seniority for the 2+, 12+, 15/2−
and 31/2
−
states, which decay to the 0+, 10+, 11/2
−
and
27/2
−
states via E2 decay, respectively. This confirms a
constant change in seniority of ∆v=2 between the 0+ and
10+ states, and also between the 11/2
−
and 27/2
−
states
after the mid-shell. We also conclude that the high-spin
isomers behave as maximally aligned decoupled states af-
ter the mid-shell.
We have also explained the similar half-life trends of
the isomers in both the chains in terms of seniority. The
seniority selection rule governs the behavior of the half-
life near N = 72 and Z = 70 in the Z = 50 and N = 82
chains, respectively. Finally, we have presented a com-
plete picture of the 0+ to 10+ yrast states of the even-
even Sn-isotopes in terms of generalized seniority before
the mid-shell, and seniority after the mid-shell. This
agrees with our interpretation of the semi-magic isomers.
To conclude, the present work highlights the important
role of seniority, generalized seniority and the alignment
properties of the semi-magic isomers, which enable us to
explain the similar features of the two semi-magic chains.
We note that the Sn-isotopes approaching the neutron-
drip line behave in a way very similar to the N = 82
isotones approaching the proton-drip line. The similarity
also holds to a significant extent for the neutron-deficient
Sn-isotopes and the proton-deficient N = 82 isotones.
The similar overall trends in both the chains attest to
the charge independent nature of the effective nuclear
interactions over a wide range of isospin. These studies
have also enabled us in making predictions of possible
new isomers for future experiments.
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